The objective of this paper is to highlight the potentialities of Life Cycle Assessment (LCA) as an instrument for policy-making support. To this respect, the adoption of an initiative within the Madrid Air Quality Plan (AQP) 2011-2015 regarding the substitution of diesel taxis with hybrid, natural gas and LPG alternatives was studied.
Introduction
In the last decades, LCA has been intensely used as a corporate strategic planning instrument, especially destined to promote products and services as eco-friendly.
However, this trend has been seldom followed by governments, which usually concentrate actions on tackling problems at isolated life cycle stages. This is usually a consequence of the still-frequent tendency for sectoral public planning, which is reputed of being an obstacle for meeting sustainability goals (Thabrew et al., 2009 ).
The management of the road transportation sector at the urban level is a complex decision process with numerous implications on the local energy planning, air and acoustic pollution levels, mobility, and life quality levels. As a consequence, the quantification of its environmental impacts has been a long-standing issue in science and policy circles (Granovskii et al., 2006; Romm, 2006; DeCicco, 2013; Seckin et al., 2013) . To this respect, LCA has been widely used in the evaluation of the environmental suitability of different transportation options, powertrains, fuels or vehicle technologies (Hackney and de Neufville, 2001; Spielmann and Althaus, 2007; van Vliet et al., 2010; Nanaki and Koroneos, 2013; Köhler et al., 2013) . The extension of the same evaluation framework to taxi fleets has been already published in Mourato et al., (2004) and Baptista et al., (2011) . In general, most of these studies analyzed the performance of different models of under a LCA perspective and concluded that cleaner alternatives such as hybrid, electric or gas vehicles are more sustainable than traditional fossil-fuel cars.
The main objective of this paper is to discuss the convenience of a recently-adopted environmental decision in the city of Madrid regarding the renovation of the taxi fleet.
This decision was analyzed under a detailed "cradle-to-grave" perspective, using LCA as an analysis tool and focusing on the transport sector of the city as a whole. The analysis addressed in this work seeks to be more than a declaration of eco-friendliness: it intends to evaluate the effectiveness of a concrete initiative under the specific conditions of Madrid. Moreover, it seeks to provide guidance on the use of LCA for policy-support and on the suitability of referring any results to a particular reality.
Case study
The city of Madrid is currently affected by levels of NO 2 which exceed the limit value laid down in EU legislation in consequence of an overwhelming road-traffic sector (Vedrenne et al., 2011; AM, 2013) . As with other southern European cities, the local commitment to reduce the average CO 2 emissions of vehicles in order to prevent climate change resulted in an important dieselization of the fleet, which is an additional cause of the current NO 2 levels in the city (Kassomenos et al., 2006; Baptista et al., 2012) . This dieselization process was particularly evident in the taxi sector, which currently accounts for 14.8% of the local emissions of nitrogen oxides (NO x ). As a consequence, the city has not been complying with the NO 2 limit values specified by Directive 2008 /50/EC since 2010 (EC, 2008 .
In April 2012, the government of Madrid approved a series of grants to foster the incorporation of less polluting cars to the city's taxi fleet. This decision was part of an ambitious local AQP that will culminate in 2015, aimed mainly to reduce nitrogen dioxide (NO 2 ) levels and carbon dioxide (CO 2 ) emissions (AM, 2012) . The fleet renovation program was included in the set of measures that the city pledged to adopt in order to obtain from the European Commission an extension in the meeting of the NO 2 limits stipulated by Directive 2008/50/EC. The measure urged taxi owners to switch from diesel-fuelled cars to gasoline-hybrid, liquefied petroleum gases (LPG) or compressed natural gas (CNG) vehicles. The reception of the decision by the public was positive and towards the end of 2012, the ecologic vehicles of Toyota and SEAT accounted for almost 48% of the total sales for the taxi sector (ANFAC, 2012).
The evaluation of this measure consisted in a LCA of the complete taxi fleet of the city of Madrid, focusing on the respective cycles of the fuel and the materials (vehicle) to further analyze the resulting effects under an impact-evaluation methodology. At this point, the consequences of the measure cannot be easily evaluated due to its recent adoption and the final outcome might be conditioned by the penetration of other technologies, price increases or by the suspension of the funding due to budget shortages. To this respect, a group of scenarios was defined assuming different hypotheses to better illustrate the effects of the measure. The characterization of the complete life cycle was carried out with detailed information, and depending on the stage, with information supplied directly by local authorities. In the following sections, the description of the methodology, datasets, assumptions and evaluation tools is made.
Methodology and datasets

System definition
The system was modeled by trying to include all the phases susceptible of being affected by the renovation of Madrid's taxi fleet ( Figure 1 ). As it was already stated in section 2, we divided the entire life cycle of the vehicles in the following parts:
-Fuel life cycle. Composed by the following phases: (i) crude exploration and production processes, (ii) transportation to the refinery, (iii) conversion and refining, (iv) storage and transportation to the distribution centers and (v) the vehicle in-use or tank-to-wheels (TtW) phase. The first four phases are also known as the well-to-tank phase (WtT).
-Material life cycle. This comprises (i) the extraction and production of raw materials, (ii) the manufacturing of the vehicle, (iii) its transportation to the sale point and (iv) the use-phase. The end-of-life phase is not considered due to its high dependency on the actual practice in real life and because there is a limited amount of data on this phase with large variability in open literature (Ma et al., 2012) .
Due to the lack of information, the building and dismantling process of the extraction, distribution, production and sales facilities as well as roads and other urban infrastructures were not considered. In the same line, vehicle and infrastructure (pumps, vessels, pipelines, etc.) maintenance operations, as well as the spare parts' supply chain were not taken into consideration (Garg et al., 2013) . The geographic domain of this analysis for the use-phase was limited to the territorial unit of the Municipality of Madrid and surrounding cities (Figure 2 ). When the analysis focuses of the complete life cycle, references to Spain and other relevant countries are made. The analysis timeframe will be 2015+, focusing on the year in which the local air quality plan will conclude.
Function and functional unit
The function of the analyzed system is the transportation of passengers by taxis throughout the city of Madrid for an average mileage. According to the traffic model of the Municipality of Madrid, the annual average mileage of a taxi in the city is 63,200 km/yr with a total life of 6.75 years. The total life of a taxi in Madrid was estimated using the respective life curves provided by the EmiTRANS Project (Lumbreras et at., 2013) and the GlobalTRANS database . The functional unit for analysis was one vehicle per traveled kilometer (1 veh·km). 
Comparison scenarios
In order to evaluate the impact of the municipal decision under different perspectives, four scenarios were built and analyzed (i) a "business-as-usual" scenario (BAU), (ii) the expected scenario at the conclusion of the Madrid AQP in 2015, (iii) a conservative "all-diesel" vehicles scenario (ADI), and (iv) an optimistic "all-ecologic" vehicles scenario (AEC). These scenarios show the composition of the taxi fleet (15700 vehicles) according to a series of hypotheses based on technology costs, raw materials and energy prices, taxes, expected sales and types of customers according to Jazcilevich et al., (2011) and Propfe et al., (2013) . For the construction of these scenarios, a modelspecific taxi fleet with 15,708 vehicles was provided by the Municipality of Madrid for 2011. The most representative models and years for every considered fuel type are shown in Table 1 and Figure 3 . No new incorporations to the fleet or changes due to breakdowns or accidents were considered whatsoever. For this study case, BAU considers that the taxi composition in 2015 is a consequence of the normal evolution of the vehicle fleet according to a usual market-flow. This scenario has a limited share of the so-called ecologic alternatives, being diesel vehicles highly predominant (Fig. 3) . AQP corresponds to the composition of the taxi fleet forecasted by the Municipality of Madrid in its AQP and, in a strict sense it should reflect realistically the penetration-degree of the initiative under normal circumstances (AM, 2012) . Compared to BAU, this scenario considers an important share of hybrid vehicles and a slightly larger penetration of LPG and CNG technologies. ADI considers that every taxi is diesel-fueled (Fig. 3) , trying to reproduce a situation of failure of the environmental initiative and can be considered as a "worst-case scenario". Conversely, AEC reproduces a situation of success of the initiative in which all the taxis belong to the ecologic alternatives supported by the environmental initiative, reflecting the best feasible scenario (Fig. 3) . 
Fuel life cycle characterization
Crude exploration and production
The crude exploration and production phase was characterized attending to the oil varieties that are imported to Spain. Table 2 contains information on the share of the different oil-exporting countries to the total crude purchased in 2012 (CORES, 2011).
These origins and shares were the same for every fuel consumed in Spanish territory and kept constant during the entire period of analysis. Information regarding airborne 1 emissions of the exploration, drilling and extraction operations was taken from the 1 The term "emissions" hereinafter refers only to those of airborne nature.
International Association of Oil and Gas Producers for on-shore and off-shore operations in the respective countries (OGP, 2010) . Energy consumptions associated to this stage are listed in Table 3 .
Transportation to refinery
The transportation of the different crude varieties from their respective sources to Spanish territory was carried out either by oil tankers or pipelines. Crude oil was received at the ports of Rota or Cartagena depending on the transport routes and sent to the refinery through two pipelines (Repsol, 2012) . In every case, routes were calculated using the exact geographic locations of wells, pipelines and marine terminals (Libyan NOC, 2010; Lukoil, 2012; Pemex, 2013; Saudi-Aramco, 2012; Sonatrach, 2013; Statoil, 2012; Total-E&P Congo, 2012; Total-E&P Sonangol, 2005) . Table 2 and 3. For the specific case of natural gas, transport is made exclusively by the Magreb-Europa pipeline and sent directly to a conditioning/storage facility near Madrid (Sonatrach, 2013) . 
Conversion and refining
The conversion and refining of oil was assumed to be carried out by a representative deep-conversion refinery operating in Spain. It was assumed that this refinery is located in south-central Spain, at 300 km from Cartagena and 500 km from Rota. The characteristics of the process were defined according to the latest BREF document on Refining of Mineral Oil and Gas (EC, 2003) while the associated emissions were calculated as specified in the EMEP/CORINAIR methodology (EEA, 2009) and the 2011 Spain's National Emission Inventory (MAGRAMA, 2013). The share of the different fuels produced by this refinery is presented in Table 4 , while the related energy consumptions are listed in Table 3 . 
Storage and transportation to filling stations
The transportation of fuels from the refinery to an intermediate storage point was considered to be carried out by a 200-km pipeline. Once stored, fuels were distributed using a typical 30-t Volvo tank-truck equipped with a diesel Euro IV engine. The corresponding energy consumptions are shown in Table 3 . We assumed that these trucks are fueled with diesel from the storage point and that distribution is carried out in 
Material life cycle characterization 3.5.1 Extraction and production of raw materials
The extraction and production of raw materials was modeled attending to the specific mass compositions of the selected vehicles (Table 1) , which were obtained from the GlobalTRANS database and Leduc et al., (2010) . Due to the lack of information on this stage, emissions inventories were elaborated using data from a complete and updated version of the Eco-Invent database (Frischknecht et al., 2004) .
Vehicle assembly and distribution
Due to the lack of specific information regarding the assembly processes of the different vehicles, data from the GlobalTRANS project were incorporated for assembly facilities located outside Spain. For factories located in Spain, specific data from the Spain's National Emission Inventory were used (MAGRAMA, 2013). The transportation of vehicles from their assembly facilities to Madrid was carried out by car-carrier trucks for land routes and vessels for sea routes. A 28-t Volvo carrier truck with a Euro IV diesel engine and space for 5 cars was chosen for land transportation while sea transportation was made using a ship with a gross-tonnage similar to a car-carrier vessel (GT=44000). Distances were calculated using the exact geographic locations of the assembly plants, highway distances and typical sea transit routes.
Vehicles manufactured in Mexico were sent to Vigo from Tampico, while those manufactured in Japan were sent to the Barcelona from Yokohama.
Electricity
The 
Use-phase characterization
The before mentioned fuel and material life cycles converge at the vehicle use-phase (TtW), which was modeled paying special attention to the specific conditions of the city as well as the particularities of the vehicle fleet. It is well known that exhaust emissions are a function of the attributes (i.e. fuel type, engine, technology) of the different vehicle types and of the driving conditions (Ntziachristos and Samaras, 2001) .
To this respect, the calculation of fuel-consumptions and road-traffic emissions factors was carried out with COPERT 4 (Ntziachristos et al., 2009) , which is an average speed model considering three different driving patterns (rural, urban and motorway). The decision of using COPERT was made in order to be consistent with the EMEP/CORINAIR methodology, already applied in the quantification of emissions of other life cycle stages (sections 3.4.2, 3.4.3). Its adequateness to the particular conditions of Madrid has already been contrasted against observations in other studies (Vedrenne et al., 2011; Borge et al., 2012; Borge et al., 2014) . This model was fed with information from the traffic model of the Municipality of Madrid which is a macroscopic simulation model for dynamic equilibrium traffic assignment supported by a Geographic Information System (GIS) where the road network of the metropolitan area of Madrid is represented by 14,938 roads and divided into 9 different management zones ( Figure 1 ) (Borge et al., 2012) . These zones have been separated according to vehicle flows, mean speeds and management importance in the city; three of them correspond to specific ways/circuits while the remaining six are geographic areas that enclose the rest of the road network (Table 5) . No mobility or road infrastructure changes were considered whatsoever.
Impact characterization and allocation
The characterization of impacts in this study was carried out at the midpoint level according to the International Reference Life Cycle Data System (ILCD) methodology (2011 Midpoint V1.01) and only for those impact categories closely related to the air quality situation in Madrid: acidification (AC), climate change (CC), particulate matter (PM), photochemical ozone formation (PO) and terrestrial eutrophication (TE) (EC, 2011) . Impact allocation procedures were carried out only for the WtT stages, namely crude extraction, fuel transportation and fuel refining. The allocation criterion was the percentage (in weight) of the produced fuels by the refinery in 2012 (Table 4) . 
Analysis tools
The analysis was carried out according to the International Standards Organization (ISO) 14040 and 14044 regarding life cycle assessment standards, data reductions and allocation procedures. To guarantee consistency and a good practice, the SimaPro 7.3 software for LCA was extensively used. SimaPro is a process-based inventory model marketed as a user-friendly software interface that allows data assembled by the user in order to conduct environmental impact and life cycle analyses (Garg et al., 2013) .
Results and discussion
Life cycle analysis
The analysis of the complete life cycle involved considering the interactions and impacts of 2,465 processes for each analyzed scenario. The evaluated impacts (Table 6) have been analyzed by grouping them into 6 categories, according to their function in the complete life cycle: (i) vehicle manufacturing, (ii) vehicle transportation, (iii) crude extraction, (iv) fuel transportation, (v) fuel refining and (vi) vehicle use-phase. More specifically, the fuel transportation category includes the transportation of crude oil from the different sources to Spain, as well as the distribution operations of refined fuels. Likewise, the vehicle manufacturing category includes the impacts associated with the extraction and production of raw materials (section 3.5.1). The absolute impacts generated by the different scenarios for each of the above mentioned categories are seen in Figure 4 , while their respective share on the total impacts is shown in Figure   5 . The comparison between the four scenarios revealed that in absolute terms, ADI has the largest impacts associated, followed by BAU, AQP and AEC. Since ADI and AEC are
respectively the worst and best tested scenarios, these can be used as reference for planning a feasible fleet composition. It can also be interpreted from Fig. 4 that according to the impact category, the incorporation of ecologic vehicles is translated to diverse reduction percentages from the reference scenario, which means that a given initiative has different effects on the problem to tackle. For example, the adoption of an AEC scenario implies reducing a 34.5% of CC-related impacts if compared to BAU and a 35.7% if compared to ADI, while for PO impacts the reduction of AEC against BAU and ADI is 69.3% and 70.9% respectively. This fact is a direct consequence of the sensitivity of the described processes to a given impact, whose identification is crucial in order to identify possible courses of action under a policy-making perspective. (Leduc et al., 2010) . The high share of the use-phase for CC-related impacts is basically the consequence of fuel consumptions by taxis, which emit CO 2 as major exhaust-compound. The contribution of the use-phase to the rest of the impacts is more modest regarding PM and AC, due to the fact that most of the models in the fleet have PM-emission control technologies such as gas recirculation and particle filters (Euro 4,5), while the low-sulfur composition of fuels limits the amount of related acidifiers (Tzamkiozis et al., 2010) . On the contrary, it is not possible to avoid the emission of typical road-traffic compounds such as NO x , which are the responsible for the important shares of the use-phase in PO and TE-related impacts.
In the case of AC, PM and TE, the large share of the vehicle and fuel transportation phases is mainly related with ship exhaust emissions derived from crude-oil transport operations from distant countries as well as the manufacturing of vehicles abroad (i.e.
Japan, in the case of hybrid vehicles). The large travel distances that exist between these countries and Spain, combined with the fact that oil tankers and cargo vessels are usually propelled with heavy fuels makes these categories a significant source of air pollution, especially regarding PM and sulfur acidifiers (Hulskotte and Denier van der Gon, 2010) . This is especially true when more than 65% of the total oil imported by Spain comes from faraway countries such as Angola, Brazil, Colombia, Iran, Mexico or Saudi Arabia (Table 2) . Regarding the transportation of vehicles, the largest contributions are present in AEC as a consequence of the big share of vehicles that are transported by sea from Japan and the observed lower consumption of fuels in the usephase. For the specific case of PO, high impacts are caused by NMVOC fugitive emissions, which are usually present in fuel handling and storage operations, specifically at pipelines and marine terminals (Klimont et al., 2002) .
The shares of the vehicle manufacturing and fuel refining categories are intimately related to the scenarios' fleet compositions, with the highest percentages present in AEC. These differences can be attributed to the fact that this scenario has a large fleet of hybrid vehicles (Fig. 3 ) whose manufacturing process is reputed not being as ecofriendly as that of conventional vehicles, which is basically a consequence of the battery assembly process (Pollet et al., 2012) . The variations that are observed in the contribution of the fuel refining process for every impact in the four scenarios are a consequence of the applied impact allocation hypotheses. According to section 3.7, the allocation criterion was based on the weight percentage of the different fuels produced by the refinery (Table 4) . Since the refinery's major product is diesel, the impacts associated to the refining stage were observed to increase for diesel-intensive scenarios such as BAU or ADI (Fig. 4) .
The analysis of the complete life cycle as presented in this section is useful for assessing the total environmental impact of each of the possible outcomes as a whole. However, this analysis has not been focused on the scale on which these impacts are produced, which is very relevant since decision-making is usually limited by specific territorial boundaries. To this respect, placing this analysis at the local context is useful for guiding stakeholders on planning activities. The following discussion will be focused only on the use-phase due to the fact that it is the only part of the life cycle that takes place exclusively in Madrid.
Use-phase analysis
The detailed characterization of the use-phase (section 3.7), especially regarding the conditions in which it is carried out (speeds, traffic flows, technologies, etc.) responds to the need of having estimates that are as accurate and as realistic as possible in order to be used for policy-support. The distinction of road-traffic emissions in nine management zones is a consequence of the different emission rates that vehicles exhibit as a function of circulation conditions, which are highly variable at urban environments (Fontaras and Samaras, 2010) . Moreover, this division is useful to identify zones that are more likely of benefiting from the adoption of the environmental initiative. The total impacts caused by each management zone in the four scenarios are shown in Figure 6 and in order to facilitate comparison between vehicle technologies, normalized impacts for the two policy-relevant scenarios (BAU, AQP) are included in Table 7 . In the same line with the discussion of the previous section, it can be seen that the difference in the behaviors of the scenarios is caused by the amount of diesel vehicles in the fleet. In general, the impacts produced by zones 7 and 9 are the most considerable in terms of their absolute value, while zones 1, 2 and 4 have a marginal contribution. The distribution of the use-phase impacts according to the management zone can be seen in Figure 7 . In both cases the share and the total impact of the zones is related to the total number of trips that occur at them, according to the traffic model of the Municipality of Madrid and the general composition of the vehicle fleet (Table 5) .
These are necessary inputs that have to be fed to COPERT in order to quantify the emission factors that are used to build the respective inventories in SimaPro. In this case, zones 3, 5, 8 and 9 concentrate each more than 13% of the total trips, while zones 1,2 and 4 accumulate a 7.5% share in total. Additionally, 24% of the trips in the city occur in zone 7, being the zone with the biggest share. From the mean speeds shown in Table 5 , one can see that the highest amount of trips is concentrated in zones with high speed values. Due to the fact that speed is one of the critical parameters that COPERT uses to estimate emissions and considering the nature of the "speed-emission" curves that the software includes, one must expect higher impacts for vehicle types and technologies exhibiting the greatest emission factors at high speeds (Ntziachristos et al., 2009 ). A central cause of this differences is also the fuel composition and consumption of each of the vehicle classes, which were assumed to comply with European regulations (i.e. sulfur contents <10 ppm) (Leduc et al., 2010) . The average consumptions of the For AC and PO there is a dramatic decrease in the impacts when the fleet is completely made of ecologic vehicles for every zone in both, absolute value ( Fig. 6 ) and relative share (Fig. 7) . The cause of this is change is the overwhelming difference in emission factors for acidification-related compounds such as NO x and SO 2 . For example, the average zone-emission factor of hybrid vehicles for NO x is 0.012 g NOx /veh·km against 0.566 g NOx /veh·km (Euro 4) and 0.696 g NOx /veh·km (Euro 5) for diesel cars. In the case of SO 2 , the emission of this pollutant by LPG and CNG-vehicles is nil, whereas the emission factor of diesel vehicles is 0.001 g SO2 /veh·km (Euro 4,5). In the case of PM, the differences can also be explained by the values of the average emission factors of PM 10 and PM 2.5 , namely 0.046 and 0.038 g PM /veh·km respectively for diesel cars (Euro 4) and 0.016 and 0.009 g PM /veh·km for hybrid cars. 
Analysis of the air quality plan scenario
The initial motivation of the initiative undertaken by the Municipality of Madrid was to comply with European NO 2 -regulations while keeping the efforts in reducing emissions of greenhouse gases. At this point, the analysis has made reference to ADI and AEC as opposite situations between which the initiative would materialize. However, in this section the analysis of the impacts produced by the vehicle fleet expected by the local authorities (AQP) will be carried out, as well as its comparison with BAU. The analysis will focus on the impacts produced by the most relevant pollutants addressed by the initiative (CO 2 and NO x ), namely CC and PO. Figure 8 and Figure 9 depict the resulting CC and PO impacts for BAU and AQP, which are divided by the total link length of the respective zone to eliminate the effects of the zone's size and the number of trips. In the case of CC the adoption of the initiative, under the conditions of the AQP, results in a reduction for every management zone except zone 5 (Fig. 8) . Reductions are deeper in zones 1, 2, 3 and 4, which are mainly caused by the lower emission factors that the ecologic vehicles present at lower speeds when compared to diesel vehicles. While the reduction is also evident for the rest of the zones, the central zones benefit more as a consequence of the moderation of high emissions associated to low speeds. As for PO, changes are witnessed in every zone and are especially important in zones 1, 2, 3, 4, 5 and 7 (Fig. 9) . The cause of these deeper reductions in the central zones is the same than that observed for CC, namely the considerable difference of magnitude between the low-speed emission factors of typical diesel cars and ecologic cars. For example, Euro 4 diesel cars exhibited a NO x emission factor of 0.808 g NOx /veh·km against 0.002 g NOx /veh·km of hybrid vehicles at zone 1 (400 times lower). The same pattern is also observed, although moderately, for other PO-related pollutants such as CO.
Interestingly, when the same analysis is carried out for NMVOC the emission factors are generally higher for ecologic cars than for diesel vehicles, being this especially true reductions are a consequence of the specific NO x , CO and NMVOC rates that are considered by the calculation method of PO impacts in ILCD, the LOTOS-EUROS model for photochemical ozone, which seems to be more sensitive to NO x variations (van Zelm et al., 2008; Curier et al., 2012) .
The spatial assessment of impacts is of special relevance for management practices, allowing the identification of specific regions of the city that are more sensitive to impacts under a wide range of perspectives (population, ecosystems, etc.) . For example, the zones with the deepest reductions as a consequence of the AQP adoption (zones 1,2,3,4) also concentrate 18% of the city's population and 33% of the total economic activity (local GDP) (AM, 2010) . To this respect, the direct quantification of the benefits that the adoption of the initiative brings to the local population is not straightforward and certainly outside the scope of the present work. However, the obtained results constitute a meaningful screening exercise which revealed that the implementation of the AQP does produce a favorable change in the associated environmental impacts when compared to a BAU scenario. 
Conclusions
A complete Life Cycle Analysis (LCA) of a series of scenarios that fit into the local air quality plan of the city of Madrid was performed regarding acidification, climate change, particulate matter, photochemical ozone formation and terrestrial eutrophication impacts. The objective of this analysis was not only to evaluate scenarios, but to link the evaluation with environmental management practices at the local level and to highlight the use of LCA as a policy-support tool. The election of the taxi sector as a suitable case study stemmed from the fact that it is public service operated as a concession and that is somehow illustrative of the local road-traffic sector. A special effort was made to collect specific information to accurately characterize each of the processes of the life cycle, aiming to provide results that are as representative of the local reality as possible in order to increase its applicability and use in policy-related activities. In the first place, the discussion focused on the different impacts caused during their complete life cycle for the four selected scenarios. Then, the analysis was taken to those phases that occur at the local scale (basically the vehicle use-phase), and are law subject of the Municipality of Madrid.
The analysis of the complete life cycle indicated that shifting from traditional diesel vehicles to ecologic alternatives (CNG, LPG and hybrid) reduced impacts associated with the vehicle use-phase, fuel refining and fuel transportation while it increases the share of the vehicle manufacturing stage. The general tendency observed, for the specific conditions of a taxi fleet in the city of Madrid was that using diesel vehicles has a deeper impact than an equivalent fleet of ecologic vehicles. When the discussion was placed at the local scale, the analysis revealed that the impacts produced by the taxi fleet are not only determined by the vehicle's fuel or technology, but by the specific conditions in which the vehicle circulates (i.e. speed) and on the traffic situation of the city, which determined the zonal distribution of trips. The analysis to the suitability of the local AQP by focusing on CC and PO impacts presented important reductions in the central zones of the city, as a consequence of a difference in emission factors that occur at low speeds. This analysis is likely of being complemented by an assessment of its economical viability, which is also a key issue to consider under a policy-support framework.
In general, what has been demonstrated in this work is that conducting a LCA intended for policy-support needs to be aware of the particularities of the system that is being studied because these provide enough guidance to identify accurate and appropriate courses of action. It should be noted that these results need to be complemented by considering all the factors that actually produce the shift from conventional vehicle technologies to "cleaner" alternatives in order to have a real policy-support tool.
Although not studied under the scope of this paper, factors such as vehicle purchase, running and maintenance costs, refueling infrastructure, or brand appeal might influence the outcome of LCA studies. Despite these aforementioned, the nature of the obtained results and the conclusions drawn from it should encourage environmental stakeholders to rely on solid scientific tools in order to back-up the decision making process.
